carcinogenic responses (20) . Tumors can be produced in specific 1-Kawasumi, Mizuho-cho, Mizuho-ku, Nagoya 467-8601, Japan organs by application of certain promoters after treatment with 1 To whom correspondence should be addressed a broad spectrum initiator (21). Thus, from the mechanistic Email: imaida@med.nagoya-cu.ac.jp viewpoint, clarification of the promotion potential of PhIP is In order to evaluate tumor enhancing effects of the heterovery important in assessing its hazard risk for human beings. cyclic carcinogen, 2-amino-1-methyl-6-phenylimidazo[4,5-PhIP has been shown to enhance rat mammary and colon carcinob]pyridine (PhIP), doses of 100 and 300 p.p.m. PhIP were genesis initiated with 7,12-dimethylbenz[a]anthracene and 1,2-given for 40 weeks to male F344 rats, which initially dimethylhydrazine (22,23), respectively, in accordance with its received 3,2Ј-dimethyl-4-aminobiphenyl (DMAB). DMAB carcinogenic organ-tropism. shows a similar carcinogenic organ spectrum to that of
Introduction
were given DMAB subcutaneously at a dose of 50 mg/kg body weight 10 times at 2 week intervals, as previously reported (21, 26) . After administration 2-Amino-1-methyl-6-phenylimidazo [4,5-b] pyridine (PhIP), one of DMAB, animals in groups 2 and 3 received PhIP incorporated into the of the predominant heterocyclic amines produced in cooked meat diet at doses of 100 and 300 p.p.m., respectively, for 40 weeks. and fish (1) (2) (3) , is also found in cigarette smoke condensate (4), were control groups corresponding to groups 1-3 and were not given DMAB beer and wine (5). Regarding evidence that human beings are but received the post-initiation treatment. The experiment was terminated 60 weeks after commencement and all surviving animals were killed.
exposed on a daily basis, PhIP has been detected in the urine of All rats underwent complete autopsy at the end of the experiment. Accessory healthy volunteers eating a normal diet, but not of in-patients sex organs were examined for gross abnormalities and fixed in 10% buffered receiving parenteral alimentation (6,7). Experimental evidence of formalin. For tissue preparation, two sagittal slices of the ventral prostate, the carcinogenic potential of PhIP in rat colon, mammary glands three sagittal samples of the dorso-lateral prostate, including the urethra and and prostate (8-13) suggests that it may play an important role four transverse samples from each seminal vesicle, including the anterior prostate, were embedded in paraffin. The intestines were inflated with the in cancer development in man as a food derived carcinogen, formalin fixative for about 10 min and then cut along their length and particularly in Western countries in which both consumption of the colons were placed between filter paper in the same fixative for 3 days. meat and frequencies of colon, breast and prostate cancers are All macroscopic intestinal tumors were sampled and embedded in paraffin for high.
histological evaluation. Formalin-fixed colons were stained with methylene blue and the colon mucosal surface of the distal colon was scanned under a Carcinogenic substances can be theoretically divided into light microscope for aberrant crypt foci (ACF). The frequency and crypt three groups on the basis of their potential to initiate and promote multiplicity of foci were recorded (28) . Paraffin embedded sections were cut carcinogenesis (14,15). Carcinogens that possess (i) only initiand stained with hematoxylin and eosin for histopathological examination. ation activity, (ii) both initiation and promotion potential and neoplasia (PIN) and adenocarcinomas, as well as dysplasia of the seminal vesicle. DMAB alone induced a low incidence of adenocarcinomas of the ventral prostate and high incidences of PIN in the ventral, dorso-lateral and anterior prostate and dysplasia of the seminal vesicles. PhIP itself also induced PIN and adenocarcinomas of the ventral prostate in a dose-related fashion. However, in groups receiving the combined treat- ACF of the colon, on the other hand, was clearly enhanced by 300 p.p.m. PhIP (Table III) . Numbers were greater than the sum of those in rats given the individual chemicals, suggesting a synergistic action. The incidences of adenoma and/or adenocarcinoma of the small intestine and colon were also increased by the subsequent administration of PhIP but a statistical significance was only seen for the small intestine (Table IV) . The multiplicity of small intestinal and colon tumors showed the same tendency as seen for the incidences.
Analysis of PhIP-DNA adduct formation
Analysis of PhIP-DNA adduct formation in immunohistochemically stained sections did not reveal any differences in either optical density or labeling indices between groups of DMAB and DMAB followed by PhIP at weeks 2 or 4 ( Table V) . No adduct formation was detected in rats given DMAB alone. on the other hand, was clearly enhanced by PhIP and that in (19) . Binary digitized images of ventral prostate sections were obtained the colon, at the ACF level, was also strongly promoted.
automatically by a programmed segmentation procedure. Microscopic images were assessed at a magnification of ϫ600 (at least 10 fields per section). At
However, the increase in development of adenomas and/or least 1000 nuclei were counted and labeling indices, expressed as the average carcinomas of the colon was not statistically significant. There PhIP treatment (29,30), and prior to the treatment of DMAB possibly affects these changes differently at each target organ.
Results
Our previous data (31, 32) demonstrated that the incidence DMAB and PhIP treatment of ventral prostate carcinomas in rats given PhIP at a dose of 400 p.p.m. for the initial 20 weeks of a 60 week experiment In this experiment, survival rates at the end of the experiment in the DMAB-treated groups were Ͻ50%, because of developwas not very different from that in rats given PhIP at a dose of 400 p.p.m. for 52 weeks (67 versus 55%). The incidence ment of tumors in the subcutaneous tissue and Zymbal glands. Furthermore, a dose of 300 p.p.m. PhIP showed a significant of colon carcinomas was 52% in rats given PhIP for 52 weeks as opposed to only 20% in rats given PhIP for the initial 20 suppressive effect on body weight gain in both DMABinitiated and non-initiated groups (Figure 2 ; Table I ). Therefore, weeks. These findings indicate that the tumorigenic response of the prostate and colon differs greatly regarding treatment experimentation of the groups given DMAB was terminated at week 56. As shown in Table I, prostate and liver weights period. This fact suggests that PhIP possesses initiation activity but lacks, or has only weak, enhancing effects for rat prostate of rats given 300 p.p.m. PhIP were lower than the corresponding control values. and seminal vesicles, while both initiation and promotion are exerted in the intestine. Further evidence in support of this Prostate and seminal vesicle lesions, the incidences of which are shown in Table II, included prostatic intraepithelial hypothesis is provided by the finding that a dose of 100 p.p.m. effective for prostate tumor production. Therefore, chemical carcinomas) from 75 to 95% and their multiplicity from 1.3
